6 Although we are in the third decade of climate science communication as a discipline, and there is 7 overwhelming scientific consensus and physical evidence for climate change, the general public continues to 8 wrestle with climate change policy and advocacy. Early adolescence (12 to 13 years old) is a critical but 9 under-researched demographic for the formation of attitudes related to climate change. This paper presents 10 opinions on the worry, cause, and imminence of climate change that were collected from n=463 1 st year 11 secondary school students (12-13 years old) in public secondary schools in inner-urban centres in Austria 12 and Australia. Overall, 86.83% of eligible respondents agreed that climate change was probably or 13 definitely something we should worry about, 80.33% agreed that climate change was probably or definitely 14 caused by humans, and 83.17% agreed that climate change was probably or definitely something that was 15 happening now. The respondents' opinions were also compared to their respective adult population, with 16 Australian 12-13 year olds showing strong positive climate-friendly attitudes, both in comparison to their 17 adult population, and to their Austrian peers. In addition, although the opinions of Austrian 12-13 year olds 18 were quite high, they did not reflect the higher climate-friendly opinions of their adult community. Our 19 results suggest that socio-cultural worldview or socio-cultural cognition theory may not have the influence 20 on this age group as it does on the respective adult population -and, if they are affected, there are attitudes 21 or factors in this age group which resist the opinion-influence from their mature community. These findings 22 are significant as early adolescents may be pivotal in the climate science communication arena and 23 investigating their opinions with regard to climate change may offer an unexplored and under-utilised target 24 for future communication efforts and climate literacy programmes.
Introduction
26 Despite more than 30 years at the forefront of the political and social agenda, meaningful climate change 27 governance continues to be thwarted by disconnects between scientific knowledge, public knowledge and 28 trust of climate science. A great number of studies have been undertaken (international and regional) 1-5 to 29 provide context for this disconnect and to measure adult public opinions over time -with only marginal 30 improvement in public opinion. This paper challenges the focus on adults and proffers an alternative focus 31 on a significantly under-researched group: the early adolescent 6 . With the abundance of data related to 32 adult opinions about climate change, this paper examines the same (or similar) climate change opinions of 33 12-13-year-olds. We compare their opinions with their respective adult population, and also across two 34 countries (Austria and Australia) . This age group may provide a unique and unexplored avenue for climate 35 science communication (Harker-Schuch, 2018); offering as-yet uncharted access to early worldview-36 construction development and, more critically, intellectual development pathways. In addition to improving 37 understanding of climate science, such avenues may also improve support for climate-friendly policy and 38 advocacy.
39 The challenges of communicating climate change 40 Aligning public opinions with the scientific consensus on the influence of human-induced climate change is 41 an ongoing challenge for both science communicators and those who recognise the essential role the general 42 public play in mitigating and adapting to anthropocentric climate change [8] [9] [10] . This challenge arises, in 43 relation to science communication, on account of 1) individual socio-cultural/-political worldviews 11 , 2) 44 misinformation 10,12,13 , 3) the cultivation of unwelcome emotions (anxiety, doubt, mistrust, confusion, 45 overwhelming) 14-16 4) the complexity and nature of the science 17,18 , 5), a lack of common or shared
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There is no influence of the respective opinions on one another) 173  H2: The opinion of early adolescents on climate change differ based on demographic factors, such as 174 country, gender, school, and disciplinary preference. In total, 302 students, corresponding to 66.1% of the students (n = 457), were firmly of the opinion that 328 climate change is something to worry about (response = yes) and 102 students, corresponding to 22.3% of 329 the students were of the opinion that climate change is something we should probably worry about 330 (response=probably yes) ( Table 5 ). The total positive response was 88.4%. The remaining responses 331 (responses = 'maybe', 'probably not' and 'no') totalled 53 students and 11.7%, respectively. 332 2) 335 Opinion data: that climate change is caused by humans 336 In total, 253 students, corresponding to 55.4% of the students, were firmly of the opinion that climate 337 change is anthropogenic in nature (response = yes) and 123 students, corresponding to 26.9% of the students 338 were of the opinion that climate change is caused by humans (response=probably yes) ( Table 6 ). The total 339 positive response was 82.3%. The remaining responses (responses = 'maybe', 'probably not' and 'no') 340 totalled 81 students and 17.7%, respectively. 341 In total, 268 students, corresponding to 58.6% of the students (n = 457), were firmly of the opinion that 345 climate change is happening now (response = 'yes') and 124 students, corresponding to 27.1% of the 346 students were of the opinion that climate change is probably happening now (response = 'probably yes') 347 (Table 7 ). The total positive response was 85.7%. The remaining responses (responses = 'maybe', 'probably 348 not' and 'no') totalled 65 students and 14.2%, respectively. 349 4.14,) in context of the Likert-374 scale, would be rounded to an integer of 4 (correlating to 'probably yes') and may seem marginal on the 375 measurement scale, it is worthy to note that this prediction signal represents a difference between these 376 groups of 8.0% (more female Austrians than male Austrians) and 5.8% (more male Australians than female 377 Australians), respectively. 378 Subject Preference was also a predictor (χ 2 = 18.475, df = 10, p-value = <.047), in that students who 379 preferred certain subjects would more likely have the opinion that climate change was caused by humans 380 with students who preferred Music (n = 9, mean = 4.65, SE = 0. As with the above, although the actual difference between the means for each of these 384 subject preferences does not appear profound when viewed in the context of the Likert-type scale (lowest 385 subject rating 3.81 and highest subject rating 4.65) this difference, when applied to the sample population, 386 represents a 16.8% difference (i.e. 16.8% more music, art, science and sport students think that climate 387 change is anthropogenic than technology and history students). 388 Model 3: Common effects on opinion that climate change is happening now 389 The results of the statistical analysis using multiple regression showed that 12 to 13-year-old Austrians (n = 390 83, χ 2 = 4.375, df = 1, p-value = <.036; mean=4.06, SE = 0.150) were somewhat less likely to have the 391 opinion that climate change is happening now than their 12 to 13-year-old Australian peers (n = 380, χ 2 = 392 4.375, df = 1, p-value = <.036; mean=4.41, SE = 0.057). In addition, there was a 2-way interaction between 393 Country and Subject Preference (χ 2 = 18.514, df = 9, p-value = <.030), with students from Austria who 394 preferred Mother Tongue (n = 1, mean = 2.09, SE = 0.812) and Music (n = 2, mean = 3.27, SE = 0.565) to 395 be less likely to think that climate change was happening now (Chart 1) than their Australian peers who 396 preferred Mother Tongue (n = 66, mean = 4.57, SE = 0.098) and Music (n = 8, mean = 4.47, SE = 0.283). In 397 this case, when viewed in context with the Likert scale, the means range from 2.09 through to 4.47 and 398 reflects a range difference of 47.6% (i.e. 47.6% more Austrian mother-tongue or music students were of the 399 opinion that climate change is happening now than their Australian peers). This last interaction, Country 400 with Subject Preference, can be explained by the low value for n in these categories. The study explored the opinion, and determinants, of 12 to 13-year-olds in relation to climate change, across 430 the three arenas of worry, imminence, and human-causation. In light of the findings that each of the 431 opinions (worry, human and now) predict one another, we reject the H1's null hypothesis that there is no 432 influence on the opinions for one another. The response for this age group in these areas indicates that the 433 vast majority shares the concern that climate change is something to worry about, is caused by humans and 434 is happening now -and these opinions relate predictably to one another. 435 With regard to the findings on the influence of demographic factors on opinion about climate change, we 436 partially reject H2's null hypothesis there is no difference in the opinion of early adolescents based on 437 demographic factors, such as country, school, gender and subject preference. This is because some 438 demographic factors correspond with significant differences in opinion on climate change, while others do 439 not. 440 Lastly, as part of a broader research question, we determined differences between early adolescents and 441 adults in the same (or proxy) country. We found that more adolescents than adults in Australia are 442 concerned about climate change, whereas the comparison was more variable in Austria (and proxy 443 countries). 444 Overall, we have found that opinions in the 12-13 year age group show strong pro-climate sensitivities -and 445 the vast majority think climate change is something to worry about, is caused by humans and is happening 446 now. The relation of the opinions to one another, though not surprising, is an important finding as it may 447 allow us to extrapolate the same relationship in studies that have looked at only one aspect of these opinions. 448 For science communicators, however, the demographic influences that affect an individual's opinion are 449 important and may offer insights into unexplored interventions and communication strategies. 450 Demographic factors and opinion 451 Climate change is something to worry about 452 In the statistical analysis, we see that the opinion for Now and Human strongly increases the opinion for 453 Worry -meaning that those students who think that climate change is happening now and caused by humans 454 are far more likely to be worried about climate change. These results are important as this suggests that 455 worry regulation and emotional support would be worthy interventions in this age group -particularly those 456 that foster hope and concern 56,94 as these are associated with stronger climate change beliefs, increased 457 engagement and life satisfaction 28 . This also suggests, due to the association of worry with climate change, 458 that interventions that focus on causes (teaching the physical science basis: mechanisms, processes and basic 459 climate science) instead of consequences (highlighting the impacts; sea-level rise, increased temperatures, 460 extreme weather events) may diminish negative emotions associated with threats 51 and allow individuals to 461 engage with climate change in a safer and more certain cognitive space of 'normal' science (as opposed to 462 the 'post-normal' or wicked aspects of climate change). Establishing the 'normal' aspect of climate science 463 may provide an intellectual scaffold to engage with that wickedness intellectually at a later age. Finally, 464 these results also strongly reinforce previous research on emotional reasoning and associated changes in 465 early adolescence which indicate that this age group are beginning to use 'objective', abstract-reasoning 466 information to perceive threat 71, 95 . 467 Climate change is caused by humans 468 Surprisingly, although there was no signal in the statistical analysis for country with regard to the opinion 469 for Human (meaning that it didn't matter which country the student came from with regard to the opinion 470 that climate change is caused by humans) this influence became significant when gender was included in the 471 analysis. Although research shows that late adolescent and adult females are more likely to be pro-472 environmental than males 96,97 , our study suggests that this is not always the case, with Australian males 473 reporting, more than their female peers, the opinion that climate change is caused by humans. Austria's 520 71.9% Austrian respondents vs 84.1% Australian respondents). This finding challenges the anticipated 521 influence of their adult populations -especially as the comparison shows Australian 12 to 13-year-olds think 522 climate change is something to worry about, is caused by humans and is happening now, more than their 523 adult cohort do 528 There may be differences in culture or lifestyle between adolescents in Austria and Australia, such as 529 differences in population density or interactions with nature 101 that lead to the observed differences in 530 opinion. However, it would be likely to see any such effect reflected similarly in the adult populations if it is 531 simply an effect of place. Instead, if there is no methodological or measurement error responsible for the 532 difference, then these results indicate there is an interaction between the adolescent experience and place 533 which shape the attitudes. For example, curriculum content or norms around adolescents' awareness of 534 climate change or other key policy issues. Curiously, both Australian and Austrian 12-13 year olds show 535 higher rates of reporting the worry opinion when compared to their respective adult populations -and with a 536 stronger positive response than for the other opinions (now and human). This worry signal is an important 537 one as it suggests that, although Austrians in this age group are attuned to the emotional aspect of climate 538 change as a threat, they do not possess the fundamental understanding of climate change processes to 539 recognise the major dimensions of climate change which make it worthy of worry; these are both the 540 imminence of the threat (now), and the fact that the observed warming and climatic changes are resulting 541 from human interference in the climate system (human). 542 Limitations to this study 543 It is necessary to note that certain biases may have influenced the data and affected the findings. The first is 544 that the selected students were from a total of six schools, and as a result cannot be considered a 545 geographically or demographically representative sample of either country. Despite this, the results are 546 useful, especially as data on the 12 to 13-year-old age group is scarce in the literature. It would be beneficial 547 for future studies focused on early adolescents to adopt compatible methods to allow for aggregation of data, 548 developing a more robust data set. One of the barriers to more geographically and demographically 549 representative data from 12 to 13-year-olds is the (necessary) challenge posed by research ethics of working 550 with young and vulnerable people. All participants required approval from the school, their teachers, the 551 parents, and the students themselves. Those who maintain climate-friendly attitudes are, therefore, more 552 likely to participate in this research than those who do not. The level of teacher engagement was, perhaps, 553 the most influential of all the potential biases for the teachers were the essential driver behind participation 554 numbers in each class. The author observed that the teachers who were not enthusiastic had a far lower 555 number of participants in their class than those who were favourable towards the research. This observation 556 was apparent in anecdotal negative criticism of the project by those teachers who returned fewer 557 participation notes from their students and, in some cases, suggesting to the researcher that climate science 558 was not a 'settled' science. In addition, one of the schools in Vienna (VHS2) had parents that were very 559 sceptical about their child's involvement in a research project with 2 out of the 4 classes returning notes that 560 denied permission. Many of these parents were new residents in Vienna (very recent arrivals), so it was 561 difficult to discern whether declining to participate was on account of their vulnerability as new residents or 562 due to negative attitudes toward climate change. If the latter, then these important perspectives were not able 563 to be captured in the study. Curiously, nearly all permission notes were returned by the parents in the 564 Austrian schools (even those stating that their child could not participate) whereas just over half were 565 returned from Australian schools (with nearly all saying their child could participate) even though the 566 recruitment process had been the same. The researcher speculates whether the unreturned notes in Australia 567 are in lieu of a returned note that does not allow their child to participate or a lack of procedure between the 568 school and home that results in lost or misplaced permission notes -or a mix of both. These unavoidable 569 challenges of working with schools and their adolescent students are useful for other researchers to note 570 when engaging with similar samples for future research. 571 Implications of this study 572 As worldview plays such a significant role in the opinions and behaviour of adults, the 12-13-year age-group 573 presents an opportunity for science communication intervention. While socio-cultural worldviews are still 574 nascent, and not strongly influencing opinion development, the intellectual scaffolding for understanding 575 climate science is far-more strongly developed at this age. The potential to improve an individual's 576 understanding of climate science as a basis for engaging with climate-friendly policy and advocacy, without 577 the bias of worldview, makes this age group an ideal target. In the 12-13-year age group, addressing the 578 'knowledge deficit' (being sufficiently informed on an issue i.e. climate science, in order to make an 579 informed decision) 38,51,68 is a valid pathway for interventions as these individuals are all, without exception, 580 enrolled in school in order to be given the information, literacy, skills and intellectual tools they need to 581 enter society. 582 Although climate science is complex, this age group has already begun to cultivate the cognitive framework 583 that can allow them to intellectually process the different aspects of climate science -including feedbacks, 584 interactions, and scales. This is especially evident in the increased sense of worry they show if they do think 585 that climate change is happening and is caused by humans. 586 Conclusion 587 The potential for the 12 to 13-year-old age group as important targets for science-based climate change 588 education is clear. Not only do we have an age group whose opinions already align well with the scientific 589 consensus, we also have a group that could greatly benefit from well-designed science communication 590 interventions due to the stage of their intellectual development. Additionally, early adolescents are easy to 591 reach as they are all in school, and they are at the nascent stage of worldview construction. Improving 592 scientific literacy in relation to climate change could have immense social and political implications, such as 593 providing all young people with a fundamental understanding of the science of climate change, regardless of 594 the political ideology or social identity they will develop in the years ahead. Perhaps, if such a literacy 595 programme was properly implemented, we would have a general public that, regardless of worldviews and 596 belief systems, would share a good understanding of the science of climate change as the basis for public 597 and policy deliberations on relevant courses of action. Climate-science education of early adolescents offers 598 alternative intervention routes that avoid the worldview-based polarisation on the reality of climate change 599 which we have experienced in recent decades. Future climate science-educated adults could no more deny 600 the phenomena of climate change than they could deny the existence of their large intestines: both are 601 physical phenomena manifest invisibly in our everyday lives. 602
